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Abstract
Purpose: As there is no evidence for a specific treatment for post–stroke-induced hand oedema,
rehabilitation centre Blixembosch formalized a best practice protocol. We investigated whether
the Blixembosch hand oedema protocol is usable in daily practice and leads to lower incidence
(prevention) and shorter duration (treatment) compared with care as usual. Methods: In a non-
randomised comparative trial, we investigated 206 post-stroke patients admitted to two Dutch
rehabilitation centres. Hand volumes were measured at least bi-weekly using a volumeter.
Treatment was started according the protocol (Blixembosch) or following care as usual
(Leijpark). Usability was assessed with a survey among professionals. Results: In the Blixembosch
group, 16% developed oedema after admission, compared with 21% in the control group
(p¼ 0.019). Average duration of oedema (both developed before and after admission) was 6.5
weeks in the Blixembosch group compared with 3.1 weeks in the control group (p¼ 0.000).
Professionals were positive about the protocol. Conclusion: The study showed that the protocol
is usable in daily practice and has a small beneficial effect on hand oedema incidence rates
compared with care as usual. The negative effect on duration of hand oedema could also be
caused by the difference in prognosis between the two groups.
 Implications for Rehabilitation
Hand oedema after stroke:
 Hand oedema often appears early after stroke.
 Preventive measures seem to reduce the incidence of hand oedema and should be promoted
also in admitting hospitals.
 Age and reduced hand motor function are related to incidence of hand oedema.
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Introduction
Oedema of the paretic hand is often seen in patients with post-
stroke hemiplegia. It is a serious problem which could lead to
joint stiffness, pain and disuse of the hand [1]. Stroke patients
with oedema have significantly lower scores on measurements of
arm disability [5].
Many aspects of post-stroke hand oedema are still unclear.
Etiologic explanations differ widely. There is more controversy
than consensus on the causative factors of hand oedema, but
disturbances in lymphatic drainage, decreased muscle tone and an
impaired muscle pump function have been suggested [2–5].
Incidences vary from 16% to 82.8% due to differences in
definition and measurement [6]. Volumetric assessment appears
to be the most suitable measurement method [7].
Various preventive and treatment regimens have been
advocated, although clear evidence about effectiveness of these
regimes is lacking. Preventive measures such as elevation of the
arm at rest, encouragement of active movement and trauma
prevention by instruction of patients and family, are used in
clinical practice; however, no effectiveness of these preventive
strategies has been proven [8].
Many treatment methods are used for the reduction of hand
oedema in stroke patients in clinical practice. Hardly any
experimental studies have been conducted and no treatment
method has yet proven its advantage over other methods. The use
of a hand/wrist orthosis reduced pain but showed no effect on
oedema [9,10]. Cold water application (cryotherapy) was
evaluated in one study without a control group; no positive
effects could however be attributed to this intervention [11].
Intermittent compression therapy was evaluated in one effect
study which showed no reduction of hand volume [12]. There are
no studies which evaluated the effects of continuous compression
therapy in stroke patients. Continuous passive motion was
investigated in two limited studies and showed no clinically
relevant reduction of oedema [2,13]. Neuromuscular stimulation
showed some short-term effects on hand oedema in severely
affected stroke patients, but further research is needed to
investigate long-term effectiveness [4,14,15].
As there is no evidence for a specific treatment on the basis of
large-scale, high-quality randomized controlled trials, an
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evidence-based approach cannot be followed and therefore
rehabilitation centres use a ‘‘best practices’’ approach where
methods are selected based on a rigorous review of the literature,
staff experience, practical use and lower quality effectiveness
studies.
The Rehabilitation Centre Blixembosch in the Netherlands
formalized their ‘‘best practices’’ in a protocol including both
prevention and treatment measures for hand oedema. The protocol
ensures a uniform approach of diagnosis and treatment methods.
The protocol consists of seven preventive measures and five
treatment methods mostly used in clinical practice, found by
exploration of literature, and selected on practicability, despite the
lack of clear evidence for effectiveness because this is lacking.
Preventive methods are mostly related to careful inspection and
stimulating active movement of the arm and hand. Treatment
methods consist of an orthosis, both in terms of prevention and
short-term effects in reducing oedema [10], cryotherapy to
stimulate vasoconstriction [11] and compression therapy to stimu-
late the muscle pump function [12]. Although this protocol has been
used for several years, a formal evaluation has not yet been made.
The objective of this study was to determine whether the
Blixembosch best practices protocol is usable in daily clinical
practice and leads to lower incidence rates (prevention) and




The study used a prospective non-randomised comparative design
in which patients in two rehabilitation centres were compared in
terms of incidence rates and duration of hand oedema.
Measurements started within 1 week after admission to the
rehabilitation centre and were conducted every week or every 2
weeks (depending on the presence of hand oedema) until
discharge from inpatient rehabilitation which is on average 3
months later. Final measurements were performed 8 weeks after
discharge when the patient was receiving outpatient rehabilitation.
Participants
Patients were recruited between August 2008 and October 2010
from the inpatient department of Rehabilitation Centre
Blixembosch (Blixembosch group) and Rehabilitation Centre
Leijpark (control group) in the Netherlands. All consecutive
patients with a first stroke were included. Exclusion criteria were
age below 18, the presence of fracture, trauma, amputation,
thrombophlebitis and infection of an upper limb. Co-morbidity
which causes hand oedema such as mastectomy, nephrotic
syndrome, albumin level below 3.2 g/dl, liver cirrhosis, unba-
lanced congestive heart failure and Complex Regional Pain
Syndrome type 1 and 2 were also a reason for exclusion.
Furthermore, patients with diagnosed Shoulder Hand Syndrome
(SHS) – using criteria from Tepperman [16] were excluded from
the treatment protocol for hand oedema because the rehabilitation
centre uses a separate protocol for treatment of SHS in which a
distinction is made between steps for probable and definite SHS
based on the Tepperman criteria. In the preventive steps SHS is
taken into account.
Procedure
The treating medical physician informed the patients at admission
to the rehabilitation centre about the study. Written informed
consent for participation was obtained from the patients or, in the
case of cognitive impairment, from their relatives. Hand volumes
were measured within two weeks after admission followed by a
measurement every second week, at the same day and time by
skilled occupational therapists until discharge. If hand oedema
was present, the frequency of the hand volume measurements was
increased to a weekly measurement. Presence of Shoulder Hand
Syndrome was assessed at the same moment. In addition, the
degree of hand function was assessed by skilled occupational
therapist at three moments: in the week of admission, at discharge
and 8 weeks after discharge.
Demographic and injury-related characteristics were retrieved
from the patients’ medical file. After the final measurement, all
involved staff of the Blixembosch group provided feedback on the
usability aspects of the protocol through a written usability
questionnaire which was sent to them by mail.
The study protocol received approval by the local research
committee.
Measurements
Hand volumes were measured using a volume meter, as designed
by Brands and Wood [17]. It measures the amount of water
displaced by the hand [1]. All patients were tested in a sitting
position. Water temperature was kept between 20 C and 30 C.
Both hands were immersed after each other in the water-filled
volume meter until the stop dowel rested between the web of the
middle and ring finger. The overflow was weighted using an
electronic scale.
The volumeter score was calculated by expressing the differ-
ence in overflow between the paretic hand and the non-paretic
hand as a percentage of the volume of the non-paretic hand:
[(Vph-Vnph)/Vnph)*100]. This percentage was adjusted for mean
differences in right and left hand volumes in healthy people [18].
An arbitrary cut-off point of 2 SD of the population score was
chosen as a threshold for assuming the presence of oedema.
Correction factors and cut-off point were taken from a study about
volumetric assessment of hand oedema [7]. Hand oedema was
scored as present or absent. Measuring hand oedema using
volumetric assessments appeared to be more accurate than visual
inspection by therapists [7]. The hand volumes were registered in
an electronic spreadsheet immediately after measurement. The
spreadsheet was designed in such a way that a treatment advice
was given on the basis of the obtained scores.
To rate the degree of hand function impairment, the Utrecht
Arm/Hand Test (UAT) was used [19]. This test reflects the stages of
motor function recovery of arm/hand after stroke and has a
minimum score of 0 (complete paralysis) and a maximum of 7
(clumsy hand). The inter-rater and intra-rater reliability of the UAT
are excellent (weighted kappa 0.98–0.99); the UAT has high
criterion validity (0.735 r40.94); and the responsiveness is very
good [19].
Usability of the hand oedema protocol was determined using a
written questionnaire consisting of 19 multiple-choice questions
and 12 open questions on four topics (prevention, intervention,
volume measurement and registration). Questions were asked
about preventive and treatment aspects, usability of the hand
volume meter and the usability of the spreadsheet for data
collection on volume measurement. As the protocol was not used
in the control group, the questionnaire was only sent to
rehabilitation professionals involved in the study in the
Blixembosch group.
Intervention
In the Blixembosch group, the preventive and the treatment
methods are described in the protocol. The preventive measures
are presented in Table 1. The treatment regime consists of a
progressive scheme with five steps to follow (Figure 1). Every
step takes minimally two weeks. As long as the oedema increases,
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a higher step is selected. For example: once hand oedema is
considered to be present, step 1 will start. If after two weeks the
oedema is still present and/or increasing, step 2 will start. Once
the oedema reduces, treatment is phased out.
Treatment was offered according to the protocol in the
Blixembosch group and following care ‘‘as usual’’ in the control
group. Care as usual was not standardized and offered on the basis
of trial and error and preferences of the therapists involved.
Intervention strategies were not adapted on the basis of
standardized hand volume measurements. Treatment decisions
were based on clinical impression. The choice for a specific
intervention varied across individuals. Most patients with hand
oedema in the control group used an elevation sling. Other
common methods in the control group were the use of
Perform a volume measurement on the following moments:
Initial measurement for new stroke patient (within 1 week)
Once every 2 weeks for stroke patients without diagnosed hand oedema
If the measurement indicates oedema, proceed with step 1. 
Orthosis: with sufficient attention, only at night. With insufficient attention,
continuously except during therapy.
Start with 2 hours. If this goes well, continue with 4 hours the same day.
Then proceed with nights or continuously. 
Volume measurement after one week. When there is no oedema reduction,
prepare treatment step 2. Volume measurement after another week. When
there is no oedema reduction, start treatment step 2. 
Cryotherapy 3 times a day. 2 treatments during daytime organized by
occupational therapist or physiotherapist. Evenings and weekends by
nursing staff prior to exercises.
Volume measurement after one week. When there is no oedema reduction,
prepare treatment step 3. Volume measurement after another week. When
there is no oedema reduction, start treatment step 3.
Cryotherapy 2 times a day (morning and afternoon). On weekdays continue
with Coban compression tape (by occupational therapist or physiotherapist)
Minimal duration of the tape application: 1,5 hour. Preferable longer, ideally
5 – 6 hours.
Volume measurement after one week. When there is no oedema reduction,
prepare treatment step 4. Volume measurement after another week. When
there is no oedema reduction, start treatment step 4.
Measure and order elastic glove by physician in case of possible application
of step 5.
Therapy as in step 3, but replace afternoon compression tape session with
lymphatic drainage of the hand / wrist by physiotherapist.
Volume measurement after one week. Volume measurement after
another week. When there is no oedema reduction, start treatment step 5.
Wear elastic glove during the day. During the night wear the orthosis. Stop
all other treatments.
Weekly volume measurement. When there is no oedema reduction, continue
























Orthosis + Cryotherapy +
Compression tape +
Figure 1. Treatment steps (complete overview).
Table 1. Preventive measures.
Preventive measures
Check on oedema indications and range of movement of arm joints by treated therapists three times a week.
Ensure elevation of the affected arm/hand at rest.
Attention to careful active and passive movement of the arm/hand and encourage good posture to prevent minor trauma. Instruction to medical and
nursing staff and the patient.
Check for subluxation and pain of the shoulder. In case of subluxation: use arm bandage and supporting measures.
In case of perceptual deficits such as hemi-inattention, try to have the patient focus on the affected arm/hand.
Encourage active movement and specific hand mobility exercises individually or in a training group.
Inform the family on all preventive measures.
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compression tape for wrapping the hand and fingers and splinting
by a realignment orthosis.
Data analyses
All measurement records were represented in a spreadsheet and
transferred to SPSS. Oedema duration was calculated by counting
for each oedema patient the total number of weeks that oedema
was present. To our surprise, hand oedema appeared to show
variable patterns: oedema could be absent for 1 week and
appeared to be present again at the next measurement. Variations
between measurements were taken as random or measurement
errors; oedema had to be measured at least for two consecutive
assessments in order to be counted as present. This coincides with
the choice of treatment steps in the protocol which was also made
every two weeks. Mean incidence, duration and standard
deviations of oedema were calculated using descriptive statistics.
Groups were compared using a chi-square test for non-parametric
testing and a t-test for continuous variables. When oedema was
present at the initial measurement, ‘‘hospital acquired oedema’’
was assumed as opposed to ‘‘rehabilitation centre acquired
oedema’’ in case the oedema was not present at admission but
developed during the rehabilitation period. UAT scores were
compared for both locations to determine population differences.
Data on gender, UAT, dominant hand, location and presence and
duration of oedema were explored using correlation analyses.
The usability questionnaire was analysed using a combination
of descriptive statistics and qualitative description of
responses. SPSS version 18.0 (SPSS Inc., Chicago, IL) for
Windows was used; alpha was set at 0.05.
Results
The flow of participants through the study is presented in
Figure 2. In the Blixembosch group, more patients were excluded
for organizational reasons. Main causes were the limited capacity
for measurements, holiday effects and delayed training of new
team members. Also remarkable is the higher number of patients
with shoulder hand syndrome in the control group and the higher
number of early discharged patients in the Blixembosch group. Of
all finally included patients, the follow-up measurement was done
in 49% for the Blixembosch group and 84% for the control group.
The Blixembosch group and control group were comparable
with regard to gender, hemisphere of stroke, type of stroke and
dominant hand (Table 2). In the Blixembosch group, significantly
more patients were found with functional motor impairment –
indicated by a low score on the UAT test, both at admission
(p50.01), and discharge (p50.01), but not at follow-up. Both
groups were also significantly different with regard to age:
Blixembosch group 60.1 years (SD 9.5), control group 55.2 years
(SD 11.5) (p50.01).
Incidence of hand oedema
According to our definition of hand oedema, in 64 patients (64/
129; 50%) of the Blixembosch group oedema was present
compared to 27 (27/77; 35%) of the control group (p50.01).
Hospital-acquired oedema was present at the initial measurement
in 43 patients (33%) in the Blixembosch group, compared to 11
patients (14%) in the control group (p50.01). In 21 of the patients
(16%) of the Blixembosch group, oedema was present after
admission – assumed as rehabilitation centre acquired oedema –
compared to 16 (21%) in the control group (p50.05).
Duration of hand oedema
Mean time of hand oedema in the Blixembosch group was 6.5
weeks (SD 5.5), compared to 3.1 weeks (SD 2.5) (p50.01) in the
control group. For patients with rehabilitation centre acquired
oedema, mean duration in the Blixembosch group was 4.9 weeks
(SD 4.6), compared to 1.8 weeks (SD 1.6) in the control group
(p50.01).
For patients with hospital acquired oedema, mean duration in
the Blixembosch group was 7.3 weeks (SD 5.8), compared to 5.0
weeks (SD 2.4) in the control group; this difference was not
significant.
Usability
The survey was completed by 17 respondents (five physicians,
three occupational therapists, two physiotherapists, five nurses,
two support staff). Respondents only answered those questions
which were related to issues they had dealt with during the study
period.













n=66: no follow up
n=63














Follow up measurement 
n=12: no follow up 
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Preventive measures were found clearly described and easy to
follow by 82% of the respondents. Seventy-three percent of the
respondents found treatment methods were clearly defined for
each treatment step. The survey showed several issues related to
the volume measurements. Presence of spasm, shoulder pain
and hypertonic arm or hand often led to less accurate and more
time-consuming measurements. Respondents thought the meas-
urement was not stressful for the majority of the patients.
All respondents found the electronic registration form easy to use.
The treatment advice provided by this form was almost always
followed.
The registration of measurements showed that the initial
measurement at admission was too late (42 weeks) in 29% of the
patients. Sixteen percent of the patients missed more than one
measurement. The survey to assess usability listed as main
reasons delayed inclusion of eligible patients and miscommuni-
cation between scheduling staff and treating therapists. Hand
volume measurements were scheduled during a weekly consult-
ation hour staffed by two therapists. The survey showed that with
an average of 12 stroke patients in a week, the total measurement
effort was approximately 4 hours per week.
The registration showed that treatment steps from the protocol
were followed in 77% of the patients. Main reason for deviations
which were mentioned in the usability survey was the team
deciding on a different treatment method. From all patients with
diagnosed hand oedema (64), nine patients were not treated for
several reasons, such as refusal of treatment, early discharge or
disappearance of the oedema before treatment started. Step 1
(orthosis) was used for 55 patients, 12 patients continued with
step 2 (cryotherapy), 6 patients continued with step 3 (compres-
sion tape) and 3 patients continued with step 4 (manual drainage).
No patients reached step 5 (elastic glove). The survey showed that
step 1 (orthosis) was quick and easy to follow. For step 2
(cryotherapy), several issues were reported: scheduling problems
caused a delay, the actual given therapy was diverse and time-
consuming and for some patients the method was uncomfortable
or painful. For the other steps, too little patients were involved to
conclude on the usability of these steps.
Explorative relationships
A strong significant correlation was found between UAT at
admission and duration of oedema (0.53; p50.01), indicating
that a lower UAT at admission is associated with longer duration
of oedema. A significant correlation was found between age and
incidence of hospital acquired oedema (0.16; p50.05) and
duration of oedema (0.14; p50.05), indicating that older patients
have a higher incidence and a longer duration of oedema. Oedema
incidence and duration did not correlate significantly with sex,
type of stroke or hemisphere of stroke.
Discussion
In this study, we investigated the usability and the effect of the
preventive and treatment steps of a best practice protocol in a non-
randomised comparative group design. The results need to be
interpreted with caution because the two groups unfortunately
appeared to differ in terms of age and hand function which both
influence the prognosis after stroke. Despite these shortcomings,
this is the first study to study oedema in a longitudinal perspective
with repeated measurements.
We used the incidence rates for rehabilitation centre
acquired oedema to determine the effectiveness of the preventive
measures from the protocol. Comparison of these incidence
rates showed that the Blixembosch group had a significantly lower
rate (16%) than the control group (21%). This result suggests that
the preventive measures from the protocol are slightly more
effective than the ‘‘care as usual’’ measures from the control
group. While the Blixembosch group had the worst prognosis (i.e.
higher age and lower UAT scores), but the incidence rate was
significantly lower, the preventive measures indeed seem to be
effective.
The majority of the patients developing hand oedema were
already diagnosed with hand oedema at admission to the
rehabilitation centre: 26% of all patients developed hospital
acquired oedema where 18% of all patients developed rehabili-
tation centre acquired oedema. The significant number of patients
with hospital acquired oedema suggests that the promotion of
Table 2. Patient characteristics.
Characteristics Blixembosch Control
Sex, n (%) male 82 (64) 53 (69)
Age (years), mean (SD) 60.1 (9.5) 55.2 (11.5)
Hemisphere of stroke, n (%) left 74 (57) 40 (52)
Type of stoke,
n (%) ischaemic 91 (71) 54 (70)
n (%) haemorrhagic 38 (29) 23 (30)
Dominant hand, n (%) right 115 (89) 69 (90)
UAT score at admission, n (mean) (SD) 128 (3.57) (3.04) 77 (5.18) (2.77)
UAT score at discharge, n (mean) (SD) 118 (4.41) (2.95) 74 (5.47) (2.58)
UAT score 8 weeks after discharge, n (mean) (SD) 63 (4.67) (2.83) 65 (5.54) (2.64)
Time between stroke and first measurement (weeks), mean (SD) 5.7 (5.6) 7.1 (5.3)
Table 3. Incidence and duration of hand oedema.
Variable Blixembosch group Control group
Presence of oedema 50% 35%
Presence of oedema before admission(hospital acquired) 33% 14%
Presence of oedema after admission(rehabilitation acquired) 16% 21%
Duration of oedema in weeks 6.5 (5.5) 3.1 (2.5)
Duration of oedema before admission(hospital acquired) 7.3 (5.8) 5.0 (2.4)
Duration of oedema after admission(rehabilitation acquired) 4.9 (4.6) 1.8 (1.6)
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preventive measures in admitting hospitals could be even more
important than the promotion in the rehabilitation centres.
For the hospital acquired oedema, a significant difference was
found between both centres. As each rehabilitation centre has its
own referring hospitals, the most probable explanation is a
difference in focus on preventive measures at these hospitals.
Furthermore, this is a strong indication that preventive measures
can make a difference in oedema incidence rates and is definitely
a very interesting subject for further investigation.
The incidence in both groups is higher than the 33% reported
in an earlier study [6]. This could be caused by the higher
measuring frequency in our study (once every 2 weeks compared
with once at admission and once before discharge).
We used the mean duration of oedema to determine the
effectiveness of the treatment measures from the protocol.
Comparison of oedema duration showed a significantly longer
duration in the Blixembosch group than the control group.
Looking only at patients with rehabilitation centre acquired
oedema, mean duration in the Blixembosch group was still
significantly longer than the control group. Evidently, this result
needs to be interpreted while taking the difference in age and hand
function between the groups into account. The longer duration of
oedema could also be caused by the fact that the Blixembosch
group had the worst prognosis which was shown by the
relationships between duration of oedema and age and hand
function.
In the Blixembosch group, the majority of the patients with
hand oedema were treated with a realignment orthosis (55). Only
12 patients received additional treatment with cryotherapy,
compression tape and manual drainage. The study was not
designed to measure the effectiveness of a single treatment
method. Therefore, although many patients showed oedema
reduction after orthosis treatment, normal drift of hand oedema
could also have contributed.
The usability questionnaire showed no major issues related to
the feasibility of the protocol. The hand orthosis (step 1) appeared
to be a simple and quickly available method to implement. The
other steps were used infrequently, so no general conclusion can
be drawn on the usability. However, considering the few patients
involved in steps 2 till 5 and the difficulties reported for step 2, it
is questionable if the protocol needs to describe these steps. An
individual approach for each patient when an orthosis is not
sufficient might be more practical.
Study limitations
The Blixembosch group had a larger number of admitted patients
who already had hand oedema which could be more difficult to
treat. Also mean UAT scores showed the Blixembosch group
patient population had less motor function at admission and were
older. These differences are most probably due to differences in
referral patterns. Age and UAT score at admission were found to
be related with incidence and duration of hand oedema. This
provides an opportunity to differentiate when promoting prevent-
ive measures and performing volume measurements.
Furthermore, in both centres, the study increased the focus on
preventive and treatment measures. For the control group, this
could have led to more attention on hand oedema than before.
In addition, some of the treatment methods were equal in
both groups as both centres used orthoses and compression
therapy.
As this was the first study to measure hand volumes repeatedly,
a solution for the unexpected variable pattern of oedema had to be
found. More studies are needed to verify whether this variable
pattern is normal in a rehabilitation stroke population and should
therefore be taken into account in future studies.
Finally, some methodological limitations should be mentioned.
Patients were lost to follow-up, mainly due to organizational
reasons. The measurements were done by team members who
were not independent of the treatment given, which might
have influenced the outcome. And the use of a comparative
design instead of a randomized controlled design raises
potential bias. However, because the evidence based on hand
oedema is only very limited, we do believe our data are of added
value.
Conclusion
The study showed that the protocol is usable in daily practice and
has a small beneficial effect on hand oedema incidence rates
compared with care as usual. The negative effect on duration of
hand oedema could also be caused by the difference in prognosis
between the two groups.
The study showed 44% of the patients developed hand oedema,
of which the majority acquired oedema already before admission
to the rehabilitation centre. Focus on preventive measures in
admitting hospitals is therefore important.
Although the protocol in its current format did not lead to a
reduction of hand oedema, the results can be used as a baseline for
further studies on the effectiveness of both preventive measures
and treatment methods.
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